Objective To investigate whether or not indirect ultrasound guidance could increase the accuracy of the glenohumeral joint injection using the superior approach. Methods Twelve shoulders from 7 adult cadavers were anatomically dissected after a dye injection had been performed, while the cadavers were in the supine position. Before the injection, a clinician determined the injection point using the ultrasound and the more internal axial arm rotation was compared to how it was positioned in a previous study. Injection confidence scores and injection accuracy scores were rated. Results The clinician's confidence score was high in 92% (11 of 12 shoulders) and the injection accuracy scores were 100% (12 of 12 shoulders). The long heads of the biceps tendons were not penetrated. Conclusion Indirect ultrasound guidance and positioning shoulder adducted at 10° and internally rotated at 60°-70° during the superior glenohumeral joint injection would be an effective method to avoid damage to the long head of biceps tendons and to produce a highly accurate injection.
INTRODUCTION
Injections are frequently made to the glenohumeral joint as part of treatment for adhesive capsulitis. We reported high accuracy of glenohumeral joint injections using a superior approach based on a previous study. However, that approach risked penetrating to the long head of the biceps brachii tendon [1] .
Recently, ultrasound has been used to increase the accuracy of the needle placement of intra-articular injections. There are 2 methods to approach the needle target, the indirect technique and the direct technique. In the indirect technique, an ultrasound is used to confirm the puncture site and the location of the target; however this does not serve as a guide to advance the needle. Using the direct technique, the needle advancement and target www.e-arm.org are seen in real time under direct ultrasound control. The long head of the biceps tendon can be traced by using the ultrasound from the proximal site to just distal to the subacromial space.
The long head of the biceps tendon is affected dependent upon its location by rotating the arm externally or internally. The adducted and internally rotated arm position would be expected to prevent injury of that tendon from the needle tip during glenohumeral joint injection. The purpose of this study is to prove that adducted and internally rotated shoulder position would improve accuracy of injection and prevent biceps tendon injury during indirect, ultrasound-guided glenohumeral joint injection.
MATERIALS AND METHODS
Included in this study were 12 shoulders from 7 cadavers, whose relatives consented to their use for research purposes. Six of the shoulders used were from 4 formalinfixed cadavers and the other shoulders were from fresh cadavers.
The cadavers were supine, and their elbows were flexed 90° and shoulders were positioned at 10° adduction and at 60°-70° internal rotation, so that their hands were located on their abdomen (Fig. 1 ). This position is selected so that the needle does not damage the long head tendon of the biceps brachii. Before the injection was performed, ultrasonographic examination (HD11 XE ultrasound system; Philips Healthcare, Eindhoven, The Netherlands) of the shoulder was performed to identify the location of biceps brachii tendon by the clinician who was to perform the injection. The tendon had been traced from the distal aspect of bicipital groove to the proximal side by keeping the probe perpendicular to the axis of biceps tendon (Fig. 2) . One mL of dye (blue ink) was injected into the glenohumeral joint using 1.5-inch 21-gauge needle. One experienced clinician performed the injection procedure. After the acromioclavicular joint was palpated, the site 5 mm lateral to just anterior to the aspect of the acromioclavicular joint was selected as the needle entry point. After the needle was inserted through the entry point, it was advanced in a 20° lateral and a 20° dorsal direction. When the resistance was felt at the tip of needle, we applied a gentle passive internal and external rotation to Fig. 1 . The cadaver's hand is located on his/her abdomen. In this position, the elbow was flexed 90°, the shoulder was positioned at 10° of adduction and at 60°-70° of internal rotation. The arrow indicates the injection on point.
Fig. 2.
In the transverse view of ultrasonography, the long head of biceps tendon (arrow) is seen in the bicipital groove level (A) and the more proximal level (B). The tendon adheres to the superior margin of the glenoid and is located beside the CO at the coracoid process level (C). GT, greater tubercle of humeral head; CO, coracoid process.
www.e-arm.org the shoulder. If the tip of the needle showed concurred movement to this motion, we pulled the needle slightly back, and then injected the dye.
A confidence score was rated according to clinician's opinion (Table 1) . After the scoring, the tissues were carefully dissected to access to the joint to where the dye could be found. The needle and shoulder position were maintained during dissection to prevent needle displacement. Following the dissection, placement of the tip of the needle and dye were observed to determine whether the injected material had reached the intra-articular space and the long head of biceps brachii tendon has injured by the needle. Then, an injection accuracy score was determined (Table 2) . www.e-arm.org
RESULTS
The average age of the cadavers in life was 78 years (range, 69 to 93 years). Three of the cadavers were female and the other 4 were male.
The detailed results are shown in Table 3 . Blue dye was found at the glenohumeral joint spaces in all 12 shoulders (Fig. 3) . The accuracy of glenohumeral injection using superior approach with internally rotated shoulder was 100% (12 of 12 shoulders). However, blue dye was found at the subacromial-subdeltoid bursa in 2 of the 12 shoulders. The clinician's confidence scores were high in 92% (11 of 12 shoulders). In all cases, the needle passed lateral side to the long head tendon of the biceps brachii and did not penetrate that tendon.
DISCUSSION
When an indirect ultrasound-guided technique was used, the accuracy of injection increased to 100% and injury to the long head of bicep brachii tendon did not occur (0%). There are 4 important differences between previous studies that used the superior approach and this study [1] . First, the ultrasound was used for identifying the location of the long head of biceps brachii tendon before needle insertion in this study. Ultrasonography was used so that the safety of this area could be confirmed in a clinical setting. Second, the shoulder position of cadaver was changed. The shoulder had been positioned at 10° internal rotation with no adduction in previous study. In this study, the position was 10° adduction and 60°-70° internal rotation, so that the angle of the axial rotation could increase internally. Third, the needle entry point was moved from anterior aspect of acromioclavicular joint in a previous study to 5 mm laterally in the current study. Finally, the needle advancement in a previous study, which had been a 10° lateral and a 10° dorsal direction, was changed to 20° lateral and 20° dorsal direction. The needle was more dorsolaterally tilted to access the top of the glenohumeral joint capsule.
Despite the high accuracy of the superior approach, needle injury to long head of the biceps brachii tendon occurred in 15.8% in previous cadaver studies [1, 2] . The greater the shoulder is internally rotated, the more the long head tendon of biceps brachii moves toward the medial side [3] . The synergic effect of more laterally located needle from 10° to 20° and to medially locate the long head tendon of biceps brachii was expected to prevent injury of that tendon from the needle. As we expected, no damage to long head tendon of biceps brachii occurred in this study (0%).
Recently, it has been reported that the direct ultrasound-guided method increased the accuracy of glenohumeral joint injection. A relatively high accuracy was achieved by that method. Rutten et al. [4] reported a 96% success rate with anterior approach and 92% with posterior approach. Needle tip and target could be visualized in a real time with direct ultrasound-guided injection technique. However, this technique may increase chance of infection because ultrasound transducer or gel could be a medium for the microorganism contamination, such as staphylococcal infection [5] . Thus, it requires aseptic gel and sterile envelopes for the probe in order to minimize the risk of infection. It cost more money than the indirect method to use these instruments. The clinician who performs this technique should coordinate between the needle insertion and handling of the probe. It is somewhat more difficult for the non-experienced person to perform. In addition, the needle should advance inline and parallel to the ultrasound transducer to improve visualization of the needle tip in the direct technique. This increases the distance from the needle entry point at skin to the target. The shorter distance could be achieved in the indirect technique than the direct technique. If a high accuracy around 100% could be achieved by the indirect technique resolving these disadvantages of direct technique, indirect technique seems more useful in clinical settings.
In addition to these advantages with indirect ultrasound-guided technique, we used a superior approach method. The superior approach has many advantages [6] . This approach has the relatively shorter distance from skin to glenohumeral joint space than anterior or posterior approaches. It is easy to palpate acromioclavicular joint, which is used for landmark of needle entry point. Finally, in this approach, there is no major nerve or vessels on the course of needle compared with anterior or posterior approaches. The anterior approach could damage the cephalic vein, axillary artery, and the brachial plexus. Posterior approach would damage the supraclavicular nerve and circumflex scapular vessels [7, 8] .
The supraspinatus muscle is penetrated during the su-www.e-arm.org perior approach. However, it is expected that there are no significant harms. The penetrated muscle location is far from the supraspinatus tendon, so risk of the tendon injury is very low. Injury to the supraspinatus muscle is limited because the muscle is frequently penetrated during arthroscopy via superior portal and the needle used in shoulder injection and has much a smaller diameter than the scope used in arthroscopy [9] . Considering glenohumeral joint has been mostly injected to patients with adhesive capsulitis, the internally rotated shoulder position during procedure would be expected to be easier to perform. Because most of the patients with adhesive capsulitis show limitation of active and passive range of motion mainly affects external rotation and abduction than internal rotation [10] .
Blue dye was found at subacromial-subdeltoid bursa space in 16.7% (2 of 12 shoulders). In those 2 cadavers, blue dye was also found at the glenohumeral joint space at the same time. This is explained by possibility of full thickness rotator cuff tear. The prevalence of rotator cuff tears in asymptomatic patient was increased with age of patients. Tempelhof et al. [11] reported that the prevalence of rotator cuff was 31% in patient aged 70 to 79 years and 51% in aged over 81 years. The ages of the 2 cadavers at which shoulders blue dye was found were 77 and 93 years. Generally glenohumeral joint space and subacromial-subdeltoid bursa space are separated, but in a rotator cuff tear, those spaces are connected to each other [8] . Therefore, blue dye could be seen at subacromial-subdeltoid bursa space in those cases despite of correct injection.
Although sitting position is preferred to supine during in outpatient clinical settings, it is difficult to simulate shoulder injection with cadaver with sitting position. In cadaver, subluxation of the shoulder joint occurred in this position because no dynamic forces exist against gravity. The cadavers with supine position have been involved as the subject to resolve these problems.
There are some limitations in this study. The clinician who performed injections in this study has had wide experience with the superior approach. The success rate of the superior approach could be different from the rate in this study depending on the experience of the clinician. The needle tip touched the articular surface of the humerus once, during whole procedure, it can damage the articular cartilage. However, it hasn't been reported yet whether touching of the needle tip to humeral head during injection procedure would cause damage to the cartilage. Furthermore, it would occur even if the direct ultrasound-guided technique or the fluoroscopic guided technique is done.
In conclusion, the combination of indirect ultrasoundguided technique and positioning the shoulder internally rotated at 60°-70° during the superior approach of glenohumeral joint injection would be very effective way to avoid damage to the long head tendon of the biceps brachii and to produce a highly accurate injection.
